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SPD  uses  lower  temperatures,  but  higher  particle  velocities 
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Supersonic  Particle  Deposition 


System  Arrangement 


Cooler 


Powder  Feeder 


Dust  Collector 
(61x3.5^x12^) 


Cyclone 


Compressed  Nitrogen/Helium 
6-Axis  Robot 
Process  Controller 


Gas  Control  Module 


Acoustic  Room 
(10'Lx  KrWx8'H) 


Spray  Gun 
(Nozzle  and  Prechamber) 


Gas  Heater  Power  Supply ' 
Silencer^ 


Fume  Hood 


Workpiece 

Heater 

Turntable 


Robot  Ann 


Thermocouple 


NOXZW 


Prechamber 

SS  Tubing  to 
Pressure  Transducer 


v  Main  Gas  Line 
Powder  Feed  One 


Army  Research  Laboratory 

SPD  System 


SPD  Advantages 


•  Low  temperature 

Solid  State  Process 
Low  residual  stresses 
Minimal  grain  growth 

•  Little  oxidation 

good  electrical/thermal  conductivity 
electrical  conductivity:  80%  of  OFHC  Copper 

•  High  deposition  rates  and  efficiencies 

rates  -  up  to  20  kg/ hr. 
efficiencies  generally  50  -  80% 

•  Wide  variety  of  coating  materials  and 
substrates 

Al,  Zn,  Sn,  Cu,  Ni,  Ti,  Ta,  Co,  Fe,  Nb,  Mo,  W. 


Model  of  Particle  I  mpact* 


*M.  Grujicic,et  al,  "Computational  Analysis  of  the  Interfacial  Bonding  Between  Feed-Powder  Particles 
and  the  Substrate  in  the  Cold-Gas  Dynamic-Spray  Process”,  Applied  Surface  Science,  April  2003 


Process  Parameters 


•  N  or  He  gas 

•  200  -  500  psi  gas  pressure 

•  200-  500  degree  C  gas  temperature 

•  100  -  300  degree  C  particle  temperature 

•  1-50  micron  particle  diameter 

•  300  -  1000  meter  per  second  particle  velocity 

•  1-10  pounds  per  hour  deposition  rate 


Effects  of  Gas  Pressure 
and  Temperature  on  Velocity 


Gas  Temperature  (C) 
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From  Gilmore,  et  al,  J .  Thermal  Spray  Tech,  Dec.  1999 


Copper  Deposited  On  Aluminum  Rod 
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(Super  Plastic  Agglomerated  Mixing) 
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EDS  X-ray  Mapping  of  SPAM 


Copper  SPD  Coating 


Forced  mixing  of  copper  and  aluminum. 


Shear  Test  Results 

(Triple  Lug  Shear  Test) 


Trial 

Pressure 

psi 

Temperature 
degree  C 

Stand-off 

mm 

Speed 

mm/sec 

Feed  rate 
gm/min 

Shear 

strength  psi 

1 

280 

450 

35 

50 

7 

5347 

2 

280 

350 

15 

50 

28 

6072 

3 

380 

450 

35 

10 

28 

6683 

4 

380 

350 

15 

10 

7 

10057 

Failure  Mode  =  Cohesive 


Adhesion  Values  of  Coating 
(Bond  Bars) 


Coating 

Thickness 

Ultimate  Tensile  Strength 

NiAl 

0.015  in 

5,000  psi 

Tantalum 

0.010  in 

8,000  psi 

Copper 

0.010  in 

6,800  psi 

Failure  Mode  =  Adhesive 


•All  values  of  adhesion  were  of  coatings  deposited  on  aluminum 
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Particle  Velocity  Distribution 
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SPD  Copper  on  Silicon  Carbide 


Copper  on  Silicon  Carbide 


Bond  Strength  (Pull  Test) 
Film  Thickness 
Cu  Resistivity  (Theoretical) 
Cu  Resistivity  (Electronics) 
Cu  Resistivity  (Cold  Spray) 


1500  lbs/ in2 
1-2  mils 

1.7  x  10-6  ohm-cm 
2.0  x  10-6  ohm-cm 
4.5  x  10-6  ohm-cm 


Dymet  Portable  Cold  Spray 


Downstream  Powder  Feed 
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Slightly  Lower  Particle  Velocity 
Special  Powder  Formulation 
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SPD  and  DYMET 
Velocity  and  Particle  Flux  Profiles 
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Supersonic  Particle  Deposition 


EMI  Coating  for  HUMV  Shelter  (SPD) 
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Metallographic  Cross-Sections  of  EMI  Coatings 


Supersonic  Particle  Deposition 


Aluminum  Lap  Joint 


•  .032"  step  height 


A1  Coating 


Hand-held  portable  SPD  System 
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Flame  Spray  vs.  Supersonic  Particle  Deposition 
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Flame  Spray  Sn  and  Steel  Coating 

SPD  Sprayed  Sn  Coating 

-12.2%  Porosity 
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Conclusions 


•  Supersonic  particle  deposition  can  yield  an 
exceptionally  strong  bond 

•  The  bond  can  be  characterized  as  "Super 
Plastic  Agglomerate  Mixing" 

•  High  velocity  impact  yields  plastic 
deformation  and  viscous  mixing  of  the 
particle/  substrate  interface 

•  The  resulting  bond  exhibits  shear  resistance 
greater  than  the  shear  strength  of  the  copper 
coating. 


